The control of morning glory (Ipomoea spp. and Merremia aegyptia) was evaluated in five commercial sugarcane-production fields receiving applications of the herbicides sulfentrazone (0.9 kg ha -1 ), amicarbazone (1.4 kg ha -1 ), imazapic (0.147 kg ha -1 ), and hexazinone + tebuthiuron (0.325 + 0.75 kg ha -1 ) applied pre-emergence in either the dry season (July and August) or in the semi-wet season (early October); mesotrione alone (0.192 kg ha -1 ) or in combination (0.12 kg ha -1 ) with atrazine (1.5 kg ha -1 ) or diuron + hexazinone (0.491 + 0.139 kg ha -1 ) applied post-emergence in the wet season (November), and the phytointoxication of the chemical treatments for sugarcane. Five species of morning glory (Ipomoea hederifolia, Ipomoea nil, Ipomoea quamoclit, Ipomoea triloba and Merremia aegyptia) were assessed in the experiments. The applications during the dry, semi-wet, and wet seasons resulted in similar levels of control of I. hederifolia, I. nil, I. quamoclit, and I. triloba. The herbicides imazapic and mesotrione alone resulted in lower levels of control of M. aegyptia. Imazapic and the combination of mesotrione + (diuron + hexazinone) caused greater visible phytotoxicity to sugarcane than other herbicides applied during the dry and semi-wet seasons. However, the greatest loss of production was attributed to amicarbazone.
INTRODUCTION
Brazil is the largest producer of sugarcane, contributing with more than 48% of the total production of sugar in the world (FAO, 2016) .
In 2015, sugarcane was cultivated in over 9.91 million hectares, with production of about 755 million tons in Brazil (IBGE, 2016) . In the Southeast and Midwest regions of Brazil, the sugarcane harvest begins in April/May, extending until November/December of the agricultural year. After cutting, the cultural practices required for budding and plant growth are performed, including weed management. In drier times of the year (June, July and August), the application of herbicides can be made in pre-emergence, post-harvest or postemergence when soil moisture is restored. However, for use in the dry season, the herbicides must show high water solubility, low or moderate adsorption to the soil, and low or no volatilization and photodegradation. Thus, even under low moisture soil condition, part of the product will be desorbed to the solution and available for absorption by the radicle and/or seedling cauliculos.
On the other hand, adapted to herbicide applications in the dry season, the producers have faced some adversity in weed control in recent years. First, there is the straw, originating from mechanical harvesting with no sugarcane burning, which may compromise the ability of the residual herbicide to reach the ground. Depending on the physical and chemical properties of the herbicide, such as solubility, vapor pressure and polarity, the straw will have more or less influence on its effectiveness (Rodrigues, 1993; Selim et al., 2012) . The amount and period in which rainfall or irrigation occur after application, in addition to the degree of decomposition or the age of the plant residues, can also greatly influence the adsorption of the herbicide straw (Mersie, 2006; Selim & Naquin, 2011; Correia et al., 2013; Giori et al., 2014) . The herbicide will be exposed to losses due to photodegradation and volatilization even at adsorption plant residues while its removal from the straw to the soil does not occur.
Over the years, increased infestation of species of climbing plants, such Ipomoea and Merremia (popularly known as morning glory), as was noticed in the sugarcane areas. Possibly, the maintenance of sugarcane straw on the soil surface creates an environment more favorable for seed germination and for such plants development due to lower daily temperature range, greater conservation of soil moisture and chemical improvement and soil physics. Furthermore, with the mechanized harvesting of sugarcane, the spread of morning glory seeds for the harvester, either in the same area or from one area to another, was facilitated. If they are not controlled, these species can compete with sugarcane, interfere with mechanical harvesting operation and reduce productivity. It has been reported that the competition of Ipomoea spp. can reduce the production of sugarcane stalks from 27% to 36% (Jones & Griffin, 2009; Bhullar et al., 2012.) . Thus, handling morning glory in the cane fields is a serious challenge for producers and technicians (Bhullar et al., 2012) .
Assuming that the control of morning glory by herbicides sprayed in the wet season is effective and safe for sugarcane and similar to the application of herbicides in dry and semiwet seasons, this study was conducted. The objective was to evaluate the control of morning glory (Ipomoea spp. and Merremia aegyptia) by herbicides sprayed pre-emergence during the dry and semi-wet seasons, compared to herbicides applied post-emergence of the plants in the wet season; also study the selectivity of chemical treatments for sugarcane.
MATERIAL AND METHODS
Five experiments were conducted in areas of commercial production of sugarcane in the Catanduva area, SP -Brazil, from July to October 2012, and conducted until July 2013.
Each experiment was carried out in accordance with the following information.
The experimental design was randomized blocks, with 11 treatments and four replications. The herbicides sulfentrazone (0.9 kg ha -1 ), amicarbazone (1.4 kg ha -1 ), imazapic (0.147 kg ha -1 ) and hexazinone + tebuthiuron (0.325 + 0.75 kg ha -1 ), applied preemergence after the sugarcane harvest in the dry season (July and August) or semi-wet season (early October); and mesotrione alone (0.192 kg ha -1 ) or in combination (0.12 kg ha -1 ) with atrazine (1.5 kg ha -1 ) or diuron + hexazinone (0.491 + 0.139 kg ha -1 ), applied post-emergence of sugarcane and weeds in the wet season (November) were evaluated. In addition, four untreated controls were kept (control 1-kept free of weeds until the herbicide application in the wet season; control 2-kept free of weeds from the application of herbicides in the wet season; control 3-kept free of weeds from sprouting Chemical control of morning glory species in sugarcane ... until harvest, and control 4-kept with weeds from sprouting until harvest). The treatments in the experiments are shown in Table 1 .
The areas were chosen based on history of high morning glory infestation (genera Ipomoea and Merremia) and straw maintenance on the soil. The sugarcane, in all experiments, was mechanically harvested with no previous plant burning and plant waste were kept on the ground, in the amount of 7.2 to 16.1 t ha -1 . Table 2 shows the description of the five experimental areas, including cane varieties evaluated.
Each plot was 4.5 m wide (three rows of cane) and 14.0 m long, totaling 63.0 m 2 . Herbicide application and controls manual handling (1, 2 and 3) were made in an area of 36.0 m 2 (3.0 m x 12.0 m). The rest of the area served as lateral and background control.
During the dry and semi-wet seasons, herbicides were sprayed in total area, with the assistance of knapsack sprayer at constant pressure (kept through CO 2 compressed) of 4.0 kgf cm -2 , equipped with six flat spray nozzles bar TTI 110015, spaced 0.5 m, with syrup consumption equivalent to 200 L ha -1 . In the wet season, due to the size of the cane, the spray was directed, located between the lines of culture, seeking to reach only the weeds without blockage from the sugarcane plants. Thus, a knapsack sprayer was used at constant pressure (maintained by compressed CO 2 ) of 4.0 kgf cm -2 , equipped with two flat spray nozzles bar TT 11002, spaced 0.75 m, with spray volume equivalent to 200 L ha -1 .
The date, time, soil moisture and weather conditions at the time of herbicides application in each experiment concluded, besides the Control 2 Kept free of weeds from the application of herbicides in the wet season 10
Control 3 Kept free of weeds throughout the cycle (sprouting-harvest). 11
Control 4 Kept with weeds throughout the cycle (sprouting-harvest).
characterization of weeds and sugarcane, can be seen in Tables 3 and 4 .
On the day of the application of herbicides in the wet season, the number of emerged plants count (species of interest) was performed in two areas of 0.45 m 2 each, randomly chosen within the usable area (15.0 m 2 ) from the plot treatments 5, 6, 7, 9 and 11. Based on these values, the infestation of the areas was classified as low (<4.9 plants m -2 ), average (from 5.0 to 10.0 plants m -2 ) and high (>10.1 plants m -2 ).
At 30 and 120 days after application of herbicide in the wet season (DAA U ), out visual assessments of weed control were carried assigning scores from 0 to 100%, where zero Before the application of herbicides in dry or semi-wet season artificial infestation of plots (3.0 m x 14.0 m) was performed by sowing 0.42 and 0.62 g m -2 of Ipomoea hederifolia and Merremia aegyptia seeds, respectively. Mean value obtained in two samples of 0.45 m 2 each, randomly chosen in the usable area of plots of treatments 5, 6, 7, 9 and 11. 1/ 2/ Chemical control of morning glory species in sugarcane ... is the absence of control and 100 the plant death. Control scores were established based on control kept with weeds throughout the experimental period (control 4).
Possible visual damage in sugarcane plants were evaluated at 30, 60, 90 and 120 DAA of herbicides, through the scale from 0 to 100%, where zero represents the absence of visual injury and 100 the death of plant (SBCPD, 1995) .
At the time of harvest, the counting of industrialized stalks of sugarcane was performed in each plot (in 15.0 m 2 , a line x 10.0 m long) and the collection of 20 of them, chosen in line sequentially, to quantify the production. Based on the total number of culms in 15.0 m 2 and on the weight of 20 stems, production was estimated per hectare in experiments 3, 4 and 5. In other experiments (1 and 2) due to the sharp plants lodging, it was not possible to harvest.
The results obtained in each experiment were submitted to the F-test of analysis of variance, and treatments, when significant, were compared by Tukey test at 5% probability. The phytotoxicity scores were not subjected to statistical analysis.
RESULTS AND DISCUSSION
Five species of morning glory (Ipomoea hederifolia, Ipomoea nil, Ipomoea quamoclit, Ipomoea triloba and Merremia aegyptia) were evaluated in the experiments, which were classified into low infestation (<4.9 plants m -2 ), average (from 5.0 to 10.0 plants m -2 ) and high (>10.1 plants m -2 ). I. hederifolia occurred in 100% of the experiments, with low or high infestation; I. nil and M. aegyptia were evaluated in three experiments; and I. quamoclit and I. triloba in only two. The density of plants per m 2 of each species morning glory is presented in Table 4 .
To control I. hederifolia, at 30 days after herbicide application in the wet season (DAA U ), it was found that, regardless of the infestation level, there was no significant difference between the chemical treatments, with average scores of 97% (experiment 2high infestation) to 100% (experiment 5low infestation) (Table 5) . Therefore, the herbicides applied during the dry and semiwet seasons did not differ from those applied in the wet season, up to 30 DAA U . As also observed at 120 DAA U , except for the experiment 1 (low infestation), in which the application of mesotrione alone differed from other herbicides and resulted in a lower percentage of control (Table 6 ). The average values at 120 DAA U ranged from 81% (experiment 3 -high infestation) to 99% (experiment 5 -low infestation) (Table 5 ).
To I. nil, at 30 DAA U, only in the experiment 4 (average infestation) there was significant difference between treatments with herbicides, resulting in less control of scores with the application of mesotrione alone which did not differ from imazapic (Tables 6 and 7) . For other experiments (2 and 3 -low and high infestation, respectively), chemical treatments did not differ. The same happened at 120 DAA U in three experiments in which there was no significant difference between the herbicides, regardless of the infestation level of I. nil in the areas. The mean of control of this species varies from 95% (experiment 4average infestation) to 98% (experiment 2high infestation), at 120 DAA U .
In both experiments in which I. quamoclit was evaluated (low level of infestation) chemical treatments did not differ in the two evaluation periods, with average control of 94.4% (experiment 3) to 98.3% (experiment 1) at 120 DAA U (Table 8) .
To I. triloba there was no difference between the chemical treatments in both experiments in which this species occurred (low and medium infestation), in both evaluation periods (Table 8 ). The control average ranged from 91% (experiment 5low infestation) to 94% (experiment 4average infestation) at 120 DAA U .
At 30 DAA U , the herbicide treatments did not differ for the control of M. aegyptia, in the three experiments where this species was evaluated (low to medium infestation) ( Table 9 ). As also observed at 120 DAA U in the experiments 4 and 5. In the experiment 1 (low infestation) there was a lower percentage of control with the application of mesotrione alone, differing only from mesotrione + atrazine ( Table 6 ). The smallest control scores of M. aegyptia with mesotrione alone occurred due to the regrowth of the treated plants, justified by their high size at the time of herbicide application. The control average of this species at 120 DAA U varied from 79% (experiment 1 -low infestation) to 95% (experiment 5 -low infestation) (Table 9 ).
Herbicides sprayed in water restriction in the culture of sugarcane must present specific physical and chemical characteristics such as high solubility in water and low or moderate adsorption to soil, as well as losses by volatilization and negligible photobleaching. The stability of the molecule is more limiting in mechanized harvesting conditions with the 1, 2, 3 and 4) , respectively for experiment 1, 2, 3, 4 and 5. Means followed by the same letter in the column do not differ significantly by Tukey test at 5% probability. All syrup with mesotrione were added mineral oil at 0.5% v v -1 . Data from control without application were not included in the statistical analysis. maintenance of straw on the ground (green cane) as the herbicide will be retained in crop residues and only after the occurrence of rain or irrigation, in sufficient volume, it reaches the soil. In this regard, the herbicides imazapic, amicarbazone and tebuthiuron have too high solubility in water; hexazinone extremely high solubility; and sulfentrazone, average solubility. They are weakly adsorbed to soil and little (imazapic, hexazinone and tebuthiuron) or involatile (sulfentrazone and amicarbazone) (Rodrigues & Almeida, 2011) .
These parameters make these products suitable for use in the cane fields in the drier times of the year.
In this dry condition, herbicidal will be retained to the solid fraction of the soil and will not be available in the syrup for absorption by the seedlings. Concomitantly, the weed seeds did not start the germination process, and sugarcane plants will show slower growth.
Therefore, the dynamics of herbicides in soil is directly regulated by soil moisture. Thus, the products sprayed on sugarcane in dry or semi-wet time only have biological activity in the soil with moisture restoration (rainfall). That happens effectively from the months of October or November in the São Paulo sugarcane fields. In experiment 1, the first rain occurred about 60 days after herbicide application in the dry season (Figure 1) . In Chemical control of morning glory species in sugarcane ... experiments 2 and 3, the same thing happened about 30 days after application. In experiments 4 and 5, the moisture condition in the period before and after the application was slightly better. However, in the five experiments soil moisture was only resumed from November, based on monthly accumulated volume.
The herbicides sulfentrazone and amicarbazone are the most used in sugarcane, in the dry and semi-wet times, for morning glory control, which is justified by the susceptibility of plants and tolerance of the product to adverse environmental conditions such as drought and long period on sugarcane straw without loss in biological activity. In other studies, among the evaluated herbicides, sulfentrazone was minimally affected by environmental conditions and by the applied dosages (Viator et al., 2002; Jones & Griffin, 2008) and remained on sugarcane straw for up to 90 days without losing the potential on controlling I. hederifolia and I. quamoclit after the occurrence of rain (Correia et al., 2013) . However, depending on the infestation level (seed bank in the soil), the species and spray dosage, the use of herbicides in the sugarcane fields in the dry season is not effective, requiring complementation with other herbicides in the wet season, due to the new plant emergency flows in the area (Correia et al., 2010) . In post-emergence, in the wet season, the herbicide mesotrione in combination with other herbicides (usually atrazine or diuron + hexazinone) It is most commonly used to control morning glory, either by tractor or aerial application.
In this study, in the dosages, and soil and weather conditions of the experiment, the herbicides sulfentrazone, amicarbazone, imazapic and tebuthiuron + hexazinone, sprayed during the dry and semi-wet remained in sufficient concentrations in the soil for controlling the species of morning glory until the canopy closure of sugarcane plants, that happened from 60 to 90 DAA U , with similar results to the herbicide mesotrione, alone and in mixture with atrazine or diuron + hexazinone, except for controlling M. aegyptia by herbicides imazapic and mesotrione alone, in some situations.
As to the phytotoxic effects of herbicides on the crop (Table 10) In experiments 4 and 5, none of the wet season treatments was toxic for sugarcane. At 30 DAA, the herbicide imazapic caused most visual damage to the plants of these experiments, with scores from 6% to 12%. However, at 60 DAA, visual symptoms of phytotoxicity were not observed anymore.
As for the culms production, in experiments 3 and 5 there was no significant difference between treatments, including the control kept infested throughout the trial period (Table 11 ). However, for the experiment 4, in this control plants of sugarcane had lower production, not differing from treatments sulfentrazone, amicarbazone and control infested in the wet season.
In experiment 4, when comparing the control without weed with infested control in the wet season, dry season and throughout the trial period, the losses were 1%, 18% and 35%, respectively. These results show that the weeds present in the culture of sugarcane in the wet season had higher competition than the infestation occurred in the dry season.
Although the amicarbazone have not caused visual injury to the sugarcane plants in experiments 3, 4 and 5, this herbicide most affected the production of cane stalks, with significant losses of 20.2% in experiment 2. As the amicarbazone was extremely effective in the management of weeds evaluated, it Table 10 -Phytointoxication scores obtained at 30 and 60 days after application of herbicides PRE (treatments 1, 2, 3 and 4) and POST (treatments 5, 6 and 7) in the culture of sugarcane Data were not subjected to statistical analysis. All syrup with mesotrione were added mineral oil at 0.5% v v -1 .
Table 11 -Production (t ha -1 ) of sugarcane culms at 353, 346 and 317 days after the cut in 2012 respectively for the experiments 1, 2 and 5 ** Significant at 5% probability level by F-test of variance of analysis. ns Not significant by F-test of variance of analysis. Means followed by the same letter in the column do not differ significantly by Tukey test at 5% probability. All syrup of Callisto were added mineral oil at 0.5% v v -1 . 
